The future data needs of ocean science and ocean resource management will require a more seamless and accessible coupling of biological data with physical oceanographic processes. This bio-physical data framework will be built through the active integration of data from an extensive variety of sensors, observers, platforms and data archives across a wide range of space and time scales. This necessary synthesis of raw biological data into useful information and potentially new understanding is dependent on both new developments in ocean exploration as well as developments in information systems and informatics. The Ocean Biogeographic Information System (OBIS) is poised to play a significant and expanding role in the evolving ocean observation system [1] and [2] .
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ABSTRACT
The future data needs of ocean science and ocean resource management will require a more seamless and accessible coupling of biological data with physical oceanographic processes. This bio-physical data framework will be built through the active integration of data from an extensive variety of sensors, observers, platforms and data archives across a wide range of space and time scales. This necessary synthesis of raw biological data into useful information and potentially new understanding is dependent on both new developments in ocean exploration as well as developments in information systems and informatics. The Ocean Biogeographic Information System (OBIS) is poised to play a significant and expanding role in the evolving ocean observation system [1] and [2] .
OBIS was created as the data integration component of the Census of Marine Life [3] , [4] , and [5] . From the start OBIS was conceived to be a global and distributed system, giving control of data to data providers [6] , with strong ties to existing national and international biodiversity information systems [2] and [6] . Since then, OBIS has developed as a facility for finding, absorbing, integrating, assessing and analysing data about life in the oceans. The maps in Fig. 1 and Fig. 2 illustrate the global nature of OBIS. OBIS is aimed at stimulating research and generating new hypotheses on evolutionary processes and species distributions. It serves as a basis for informed management of marine biodiversity by making data freely accessible. It integrates data from many sources, over a wide range of marine themes, from poles to the equator, from microbes to whales. It is the largest provider of marine species distribution information, and one of the largest contributors to the Global Biodiversity Information Facility (GBIF).
Institutionally, OBIS is growing rapidly as a distributed system with Regional OBIS Nodes (RONs) in all continents. Each RON is self-sustained and is the geographical backbone for further development of OBIS data content. The institutes hosting the RONs are an asset for OBIS as a network and have proven to be very supportive of OBIS activities and objectives. Keeping this network functional is a priority for the future of OBIS.
Figure 1. Locations of the offices of Regional OBIS Nodes
In addition to the Regional Nodes, OBIS has thematic nodes for major subsets of marine life. OBIS SEAMAP, the repository for data on marine birds, turtles, and mammals, is developing new ways to visualize migrations of these animals and to understand their habitats [7 and 8] . The Biogeoinformatics of Hexacorals website maintains an authoritative, global anemone and coral database [9] . FishBase, who partnered with OBIS from its inception, contains comprehensive information on fishes [10] . The OBIS micro-organisms component (MICROBIS) is breaking completely new ground by defining the known world of micro-organisms using new molecular bar-coding approaches to define microbial taxa. The Continuous Plankton Recorder (CPR), managed by the Sir Alex Hardy Foundation of Oceanographic Science (SAHFOS) provides a unique and very large dataset. One of the strengths of the CPR data is that it has been collected in a standard way for more than half a century [11] .
OBIS strives to be interoperable with other initiatives. It uses the Distributed Generic Information Retrieval (DiGIR, http://digir.net; [12] ) protocol as its data exchange standard, and the OBIS Schema, a derivative of the Darwin Core, as its format specification for content [13] . Through this combination, data are made available to several organisations, including GBIF. However, DiGIR is now seen by many as too restrictive. The biodiversity community was an early adopted of XML technology in exchange data and building distributed systems. Technology has evolved, and DiGIR was not adopted outside the biodiversity community. There is an urgent need to build alternatives for data exchange, based on Open Geospatial Consortium standards. This will enhance integration of biodiversity data with other ocean data, such as physical and chemical oceanography.
Figure 2. Map illustrating the geographic scope of the Census of Marine Life field projects
Standards development and implementation are an integral part of the activities. Data integration on a massive scale, as practiced by OBIS, is critically dependent on appropriate standards for data exchange and documentation. When possible, existing standards are used in building the OBIS infrastructure. Where needed, OBIS plays an active role in furthering standard development. The World Register of Marine Species (WoRMS, http://marinespecies.org) was developed by the OBIS community, led by its European node, as a continuously updated expert-controlled vocabulary for species names, an essential component of biodiversity data integration and quality assurance. Other quality control tools, e.g. for detecting outliers in environmental space, are being developed.
The international OBIS portal (http://www.iobis.org) is developed and maintained at Rutgers University, with assistance from many in the community [13] and [14] . It offers an on-line, user-friendly search interface to all OBIS data. It offers facilities for downloading data, and provides access to several external tools for data visualisation and analysis. The web site is highly used, with over a million hits per month, and more than 100,000 records viewed or downloaded per day. In April 2009, the integrated data contained 18.5 million records, from 633 distinct datasets, and 105,000 species.
With this, OBIS is by far the largest provider of primary data on species distributions, with the largest number of marine species. Researchers are using it to test different analyses of marine life distribution (e.g. [15] and [16] ).
Many more datasets exist than the ones that are available through OBIS. One of the tasks we have set ourselves is to expand the holdings, and work with data custodians to make their data available for re-use. Data are extremely valuable, and in view of the historic nature of environmental observations, unique. OBIS works with marine scientists worldwide to mobilise data, including targeted campaigns of data archaeology and rescue; the cost of recovering data is only a fraction of the cost of data collection [17] . In doing so, OBIS tries to minimize the effort needed on behalf of the data provider. Often data providers are researchers collecting the data, and time spent on publishing data through OBIS should not detract from time available to generate data. It is hoped that, by publishing data through OBIS and the increased visibility this brings, data providers will have increased potential to generate funding for future work, and for collaborative ventures with others who detected their data through OBIS. Also, many data providers are under contractual or even legal obligation to make their data publicly available. It is clear that OBIS can assist in this task, and so, rather than taking away time for data collection from the data custodians, would free up time.
One of the poorly-represented information elements in OBIS is quantitative information on species abundance. The fields for this information exist in the exchange standard, but are poorly populated. Also, the way the information is defined in the OBIS Schema does not allow integration across datasets to the same extent as what is possible for presence-only information. Solving, or at least alleviating, this problem will be one of the main points of future attention for OBIS. By making quantitative information as readily available as the presence data, the information content will be of much more value to the ocean observing community.
Biological data management has its very specific challenges, over and above the challenges that data managers in other domains are confronted with. First of all, there is a lack of standardization of the measured quantities in biology and ecology. This lack of standardization stems partly from the fact that there is no single 'good' way to make a measurement. How, for example, would one measure wet weight of a recently sampled large jellyfish? The measurement will depend as much on the time the specimen spent out of the water, as on any feature with biological reality. Obviously, this should not be seen as an excuse not to make biological measurements or to share this type of data, but an argument to include all relevant metadata, and the precise protocol used to make an observation.
Taxonomy brings in an extra dimension to biological data, as compared to physical-chemical oceanography.
Characteristics of individual species have a profound effect on the way the carbon or nutrients locked up in it behave in the environment. In order to understand the biology, and to be able to build predictive models of say algal blooms, we have to know which species we are dealing with [18] . Similarly, bioactive substances can be present in one species but not in another, closely related one [19] . And if we want to quantify biodiversity, it is important to discriminate between species.
Despite the importance of taxonomic names and the role they play in understanding marine biology, no complete list of species names exists. The Catalogue of Life (http://www.catalogueoflife.org/) is the main effort within the biological community to create an global authoritative list of all species, terrestrial as well as marine. The World Register of Marine Species (WoRMS, http://www.marinespecies.org) aims to become the comprehensive and guide to names of marine organisms, and feeds into the Catalogue of Life. Lack of a standard reference for taxonomic names poses a serious problem, in view of the dynamic nature of taxonomic names, and in view of the many synonyms and homonyms that exist. For example, the name Turbinaria can refer to a genus of green algae or to a genus of corals. The sperm whale, Physeter macrocephalus, has also been referred to under many different names, 22 of which are listed on the WoRMS web site. Again, these idiosyncrasies of biological data create complications for data management. It is clear that there should be documentation of the source of the taxonomic name, so that we can disambiguate homonyms. Since taxonomic names are dynamic, and can change to reflect changing scientific understanding about relationships between organisms, we have to make provisions in our biological data management systems to keep track of historical names.
Identification, assigning a taxonomic name to a biological specimen, is for many biological groups a specialized undertaking, requiring years of training. In many cases, it requires certification -for example if identifications and the resulting names are used in the framework of Environmental Impact assessment. Many biologists feel a greater sense of ownership because of the larger intellectual effort required to make a taxonomically-resolved biological observation. We'll leave it to our colleagues in physical and chemical oceanography to decide whether this is justified or not, but it certainly has the effect that the practice of sharing data within the biological community is lagging behind, compared to other oceanographic disciplines. While the previous complications mentioned require extra technical work, the reluctance to share data is a sociological one, and will need more time to be completely resolved [20] . We hope that initiatives such as GBIF and OBIS can clearly demonstrate the scientific gains of sharing data, and convince more biologists to make their data publicly available.
Below are two maps illustrating possible applications of the OBIS data. Figure 3 represents an analysis of the spread of an invasive species, Pterois volitans (Linnaeus, 1758), and can be used by environmental managers to plan for action. Figure 4 is a global analysis of marine biodiversity patterns (updated from [21] ). Such a global map is only made possible by the massive data integration of OBIS. 
